The rat glutathione S-transferase-A3-subunit (GSTA3) gene is a member of the class Alpha GSTs, which we have previously reported to be overexpressed in anti-cancer-drug-resistant cells. In this study, we report the isolation and characterization of the entire rat GSTA3 (rGST Yc " ) subunit gene. The rat GSTA3 subunit gene is approximately 15 kb in length and consists of seven exons interrupted by introns of different lengths. Exon 1, with a length of 219 bp, contains only the 5h-untranslated region of the gene. Each exon-intron splicing junction exhibited the consensus sequence for a mammalian splice site. The transcription start site and exon 1 of rat GSTA3 were characterized by a combination of primer extension and rapid amplification of the cDNA ends. Position j1 was identified 219 bp upstream of the first exon-intron splicing junction. The proximal promoter region of the rat GSTA3 subunit gene does not contain typical TATA or CAAT boxes. A computer-based search for potential transcription-factor binding sites revealed the existence of a
INTRODUCTION
The glutathione S-transferases (GSTs) are a family of enzymes that catalyse the conjugation of glutathione (GSH) with xenobiotics as part of detoxification and drug-resistance pathways [1] [2] [3] . The GSTs are present in almost all eukaryotic species and, thus far, six classes of this enzyme have been described, Alpha, Mu, Pi, Sigma, Theta and Zeta [3, 4] . In rats, each class consists of several subunits with various nomenclatures in the literature [3] . The rat GSTA3 (rGST Yc " ) subunit belongs to the Alpha class, and is located on chromosome 9 [5] . Several reviews have recently described the GSTs in great detail [1] [2] [3] .
The development of anti-cancer-drug resistance is a major problem in the treatment of cancer by chemotherapy. A number of pathways have been reported to be involved in drug resistance ; among them are alterations in drug transport through Pglycoprotein and multidrug-resistance protein [6, 7] , increased DNA repair [8, 9] , changes in DNA topoisomerases [10] , resistance to apoptosis [11, 12] , and alteration of GSH and GSHassociated enzymes [2, 13, 14] . Several studies have demonstrated the involvement of GST isoforms [1, 2, 15] in chemotherapy resistance to various drugs, particularly to alkylating agents [16] [17] [18] .
To study the mechanisms of anti-cancer-drug resistance, we have previously reported the isolation of a drug-resistant rat mammary carcinoma cell line (MatB) by exposing cells to increasing concentrations of the alkylating agent melphalan Abbreviations used : GST, glutathione S-transferase ; r, rat ; ARE, anti-oxidant-responsive element ; Arnt, aryl hydrocarbon-receptor nuclear transporter ; WT, wild-type ; MLNr, melphalan-resistant ; CAT, chloramphenicol acetyltransferase ; UTR, untranslated region ; RRE, ras-response element ; AP-1, activator protein-1 ; NF-κB, nuclear factor-κB ; CREB, cAMP-response-element-binding protein ; 5h-RACE, rapid amplification of cDNA 5h ends. 1 To whom correspondence should be addressed (e-mail gbatist!onc.jgh.mcgill.ca).
The nucleotide sequences reported in this paper have been submitted to the DDBJ/EMBL/GenBank Nucleotide Sequence Databases with accession numbers AF067442 and AF111160.
number of motifs such as anti-oxidant-responsive element, rasresponse element, activator protein-1, nuclear factor-κB, cAMP-response-element-binding protein, Barbie box and E box. The functional activity of the regulatory region of the rat GSTA3 subunit gene was shown by its ability to drive the expression of a chloramphenicol acetyltransferase reporter gene in rat mammary carcinoma cells, and its activity was greater in melphalanresistant cells known to have transcriptional activation of this gene by previous studies. The structure of the gene, with a large intron upstream of the translation-initiation site, may explain why the isolation of this promoter has been so elusive. This information will provide the opportunity to examine the involvement of the rat GSTA3 subunit gene in drug resistance and carcinogenesis.
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[melphalan-resistant (MLNr) MatB]. In itro and in i o studies in our laboratory demonstrated increased GST activity, especially elevated GSTA3 subunit levels, in MLNr cells [19, 20] . The introduction of the rat liver GSTA3 cDNA (clone pGTB42) into wild-type (WT) MatB cells was reported to confer several-fold resistance to melphalan [19] . Nuclear run-on experiments showed that the induced GSTA3 mRNA in MLNr cells is due to transcriptional activation [21] . We have recently isolated the GSTA3 cDNA overexpressed in these cells and confirmed that in fact it is virtually identical to the previously described GSTA3 subunit of GST mRNA [22] which has been designated GST Yc " in the past.
Although at least three different laboratories [22] [23] [24] have isolated rat (r) GSTA3 cDNAs, the role of this gene in chemotherapy resistance has not been amenable to study since isolating its promoter has been extremely difficult. We here report the first isolation and characterization of the rGSTA3 subunit gene, including its regulatory regions. This information will permit detailed studies of the mechanism of overexpression of this gene in drug-resistant tumours.
MATERIALS AND METHODS

Isolation of genomic clone
We have isolated three overlapping clones from the λDASH rat liver genomic library (Stratagene), named λBF7, λBF11 and 
Table 1 The oligonucleotide primers used in this study
Ex-Int, primers for exon-intron splicing junction ; PE, primer extension ; Seq., sequencing of rGSTA3 subclones ; PR, primers used to generate cDNA probe for the genomic-library screening ; 5UT and 3UT, primers involved in the sequencing of the 5h-and 3h-UTRs ; RC ; rapid amplification of cDNA 5h ends (5h-RACE) experiment. λBF59. The probe for screening the library was initially a PCRgenerated fragment of 125 bp located at the 5h end of rGSTA3 cDNA corresponding to nucleotides k149 to k25 (with the translation start site as j1) [24] . Using this probe, we obtained clones λBF7 and λBF11, which contain the entire 5h-flanking region as well as the first four introns and exons. The rat genomic library was screened following the standard protocols and conditions suggested by the manufacturer (Stratagene). To isolate the remaining 3h regions of the rGSTA3 subunit gene, we further screened the library with a probe made from a fragment located at the 3h end of the λBF7 clone. This resulted in the isolation of the third clone, λBF59 (Figure 1 ). The clones were subjected to restriction digestion with EcoRI and XbaI enzymes and the fragments were subcloned into pBluescriptIIKS plasmid (Stratagene) for analysis. A 4.2 kb EcoRI fragment of clone λBF11, which hybridized with the 5h non-coding cDNA probe, was also subcloned into plasmid pBluescriptIIKS for sequencing (named prA3\4.2E1). This construct comprised about 3 kb of the promoter plus exon 1, as well as 1.2 kb of the first intron. The first intron is located 22 bp upstream of the translation start site.
Southern-blot hybridization of λ phage DNA
Small-scale phage DNAs were extracted from the rGSTA3-positive clones using a Wizard lambda preps kit (Promega). The λDNAs were digested with EcoRI and XbaI restriction enzymes and Southern-blot hybridization was performed for analysis. In brief, the fractionated λDNA from each clone was separated on a 0.8 % agarose gel, and transferred on to a Hybond-N nylon membrane (Amersham) in 0.4 M NaOH. Hybridization of the membrane with the [α-$#P]dCTP-labelled probe was carried out at 42 mC overnight in a solution containing 5iSSPE (0.9 M NaCl\5 mM NaH # PO % \1 mM EDTA), 10 % dextran sulphate, 1 % SDS and 500 µg\ml salmon sperm DNA. The membrane was washed sequentially in 2iSSC\0.1 % SDS (where 1iSSC is 0.15 M NaCl\0.015 M sodium citrate), 1iSSC\0.1 % SDS and 0.5iSSC\0.1 % SDS at 42 mC for 15 min in each washing solution. The EcoRI and XbaI fragments were subcloned into the pBluescriptIIKS plasmid for sequencing and mapping of the exon-intron splicing junctions.
DNA sequence analysis
The sequencing of the isolated genomic DNAs of the rat GSTA3 subunit gene was performed using Sequenase (Amersham) and synthetic oligonucleotide primers (Life Technologies) corresponding to internal sequences (Table 1) . Both manual and automated sequencing methods were used to determine the sequence of the 5h-flanking region in both orientations. The BLAST program of the GenBank database [25] was employed to search for sequence identity. For identification of the putative consensus elements and potential transcription-factor-binding sites in the 5h-regulatory region of rGSTA3, the TRANSFAC program from the World Wide Web database (http :\\transfac. gbf.de\TRANSFAC) was used [26] .
PCR amplification
For generation of the cDNA probe corresponding to nucleotides -149 to -25 (ATG reference as j1) [24] , PCR amplification was performed as described previously [27] using the Y1-9 and Y1-10 primers (Table 1 ). For determination of the sizes of introns 1 and 2, PCR amplification was performed using the Expand4 Long Template PCR system (Boehringer Mannheim), the λBF7 clone as template and 50 pM of each primer (Life Tchnologies ; Table 1 ). Reaction mixtures were amplified using a programmable thermal cycle (MJ Research, Watertown, MA, U.S.A.). The amplification parameters were : denaturation at 94 mC for 3 min followed by 30 cycles of 94 mC for 30 s, 55 mC for 1 min and 68 mC for 3 min. The amplified products were subjected to agarose-gel electrophoresis and sequencing for verification.
Mapping of the transcription start site
To identify the transcription start site of the rGSTA3 subunit gene, primer extension was performed following the standard methods [28] . Briefly, primer Y1-10 (Table 1) complementary to the rGSTA3 mRNA was end-labelled with [γ-$#P]ATP and then it was annealed to 5 µg of total RNA from MLNr MatB cells at 60 mC. Yeast tRNA was used as control for extension specificity. To prevent premature termination due to the secondary structure of mRNA, reverse transcription was performed using murine leukaemia virus reverse transcriptase (Gibco BRL) at 52 mC for 30 min. The extended product was run on a 6 % sequencing gel along with sequencing reaction of prA3\4.2E1, using Y1-10 as the primer (Figure 2A ). This experiment was repeated several times to ensure the reproducibility of the results.
To confirm the transcription start site of the rGSTA3 subunit gene, the rapid amplification of cDNA 5h ends (5h-RACE) method was performed following the protocols described by the manufacturer (Clontech). In brief, 10 µg of total RNA from MatB cells was annealed with a gene-specific oligonucleotide Y1-10 corresponding to the 3h end of the first exon ( Figure 2B ) and the 5h-end of the cDNA was generated. The synthesized cDNA was ligated to an oligonucleotide adaptor provided. A fraction of this reaction product was used as a template for PCR amplification using the same gene-specific primer (Y1-10) and an anchored primer (primer A). The PCR amplification was carried out as described in the previous section. As a positive control, two gene-specific primers, Y1-91 and Y1-10, were included in PCR amplification. A single oligonucleotide (primer A or Y1-10) was used in PCR reactions as a negative control. The PCR products were separated on a 1 % agarose gel for analysis.
Construction of plasmids
A 4.2 kb EcoRI (k2797 to j1413) fragment from clone λBF11 that contained the 5h-regulatory region of rGSTA3 was subcloned into plasmid pBluescript IIKS for sequencing. We designated this plasmid prA3\4.2E1. The genomic fragment was excised from plasmid prA3\4.2E1 using KpnI and XbaI restriction sites and inserted into the pCAT-Basic reporter plasmid (Promega) for analysis of its transcriptional activity in both WT and MLNr MatB cells. The above construct was designated prA3\4.2-CAT (where CAT is chloramphenicol acetyltransferase). A 5h-deletion mutant of the rGSTA3 regulatory region was constructed by deletion of the 1.7 kb EcoRV fragment from plasmid prA3\4.2-CAT. The resulting plasmid was named prA3\2.5-CAT. Similarly, a 3h-deletion mutant of the rGSTA3 subunit gene was obtained by deletion of the 1.4 kb XmnI\SmaI fragment from plasmid prA3\4.2-CAT. This resulted in plasmid prA3\2.7-CAT.
Cell culture and transient transfection
Rat mammary carcinoma cells (WT MatB) and the MLNr subline (MLNr MatB) were grown in minimal essential medium supplemented with 10 % fetal bovine serum (Gibco-BRL) at 37 mC with 5 % CO # . Transfection of cells with recombinant plasmids was performed using lipofectamine (Gibco-BRL). The plasmids used for transfection were purified using a Qiagen maxi-prep kit (Qiagen). WT and MLNr MatB cells were seeded into 6-well plates at a density of 2.5i10& cells per 35-mm well and maintained overnight. The next day the cells were rinsed twice and complete medium was replaced with serum-free minimal essential medium. DNA (3 µg) was incubated with 6 µl of lipofectamine at room temperature for 30 min prior to being added to each respective well. The cells were transferred to a 37 mC incubator for 5 h, and then the complete medium was substituted for 24 h prior to harvest. For control of transfection efficiency, the cells were co-transfected with 1 µg of plasmid containing the β-galactosidase gene (pSV-βgal). The cells were harvested and prepared for protein assays (Bradford method ; [29] ), β-galactosidase activity assays and CAT assays [30] .
CAT assays
CAT assays were performed as described by Rushmore et al. [30] . In brief, 50 µg of protein was incubated with acetyl-CoA and ["%C]chloramphenicol for 4 h at 37 mC. They were then extracted with 1 ml of ethyl acetate and dried by speed vacuum. The chloramphenicol-acetylated products were separated on TLC plates, visualized by exposure to X-ray films, and then quantified by PhosphorImager analysis.
RESULTS AND DISCUSSION
Isolation of rGSTA3 (rGST-Yc 1 ) genomic clones
A rat liver genomic library (Stratagene) was screened with a PCR fragment located in the 5h end of rGSTA3 cDNA (previously designated GST Yc " ), which resulted in the isolation of two independent genomic clones. Restriction-enzyme mapping and sequencing of these clones revealed that they overlapped, and contained a long 5h-flanking region and the first four introns. To obtain the remaining 3h end of the gene, further screening of the same library was performed using the most 3h fragment of clone λBF7 as a probe. Screening approximately 6i10& plaques resulted in the isolation of clone λBF59. These three phage clones together contained the entire rGSTA3 subunit gene (Figure 1 ).
Structural organization of the rGSTA3 subunit gene
The structural map of the rGSTA3 subunit gene was determined by a combination of restriction-enzyme digestion, Southern-blot hybridization, PCR analysis and DNA sequencing. The rGSTA3 subunit gene is approximately 15 kb in length and consists of seven exons interrupted by six introns of different lengths. The first exon, with the length of 219 bp, contains only 5h-untranslated region (UTR) of the mRNA. The ATG start codon is found 22 bp downstream from the intron 1-exon 2 boundary ( Figures  1 and 3) ; therefore, exons 2-7 provide the coding information for this gene. Interestingly, in rat GSTA2 and mouse GSTA2, intron
Figure 3 Analysis of exon-intron splice junctions of the rGSTA3 subunit gene, including the 3h-UTR
Exon sequences, including 3h-UTR (shown in capital letters), and intron sequences (in lowercase letters) were determined by sequence analysis. The deduced amino acid sequence of the rGSTA3 cDNA is displayed below the nucleotide sequence. The numbers above indicate the nucleotide positions of the junctions in reference to the transcription start site, whereas the positions of amino acids (starting at the initiation codon methionine) are shown below. Intron 1 interrupts the 5h-UTR of the gene 22 bp upstream of the ATG start codon. Introns 3 and 4 interrupt codon triplets of the rGSTA3 subunit gene. Intron sizes were determined by a combination of sequencing (introns 3 and 4), PCR amplification of genomic clones using cDNA primers, and restriction-digest analysis of genomic clones. Full amino acid and nucleotide sequences of exon 7 are shown below. The complete coding sequences of rGSTA3 cDNA have been published previously [23, 24] . 1 is also located 22 bp upstream from the ATG start codon [31, 32] . The class-Alpha GST genes characterized thus far, with the exception of rGSTA5, have an intron in the 5h-non-coding region [31] [32] [33] [34] . The lengths of the coding exons 3-6 of rGSTA3 are identical to those of other class-Alpha GSTs (Table 2 ). This could have arisen as a result of the ancestral duplication of the GST Alpha gene.
The sequencing analysis of our phage genomic clones (λBF7 and λBF11) revealed that, in both, codon 9 was identical to the rGSTA3 cDNA clone previously reported by Telakowski-Hopkins et al. [23] and was TAC. This contrasts with another rGSTA3 cDNA clone (λJH24) reported by Hayes et al. [24] that contains TAT at codon 9. Moreover, λBF7 and λBF11 differ from λJH24 in four nucleotides located between 120 and 123 bp upstream of the first exon-intron splicing junction (Figure 4) . Both of our phage clones contained TTTT, whereas λJH24 has GGGG.
These differences might be due to the presence of polymorphisms in different rats.
Introns 1 and 2 of rGSTA3 were the longest of the six introns present, with estimated lengths of approximately 5 and 5.1 kb, respectively (Figure 1 ). The sequences of the exon-intron boundaries of this gene were consistent with the consensus splice-site sequences of mammalian genes, containing gt-ag (Figure 3) . In general, the organization of the rGSTA3 subunit gene is similar to that of other mammalian Alpha-class GST genes, with the exception of rGSTA5, in terms of numbers of exons and introns (Table 2) . However, rGSTA3, with a size of about 15 kb, appears to be larger than other members of the class-Alpha GSTs.
Mapping of the transcription start site
The transcription-initiation site of the rGSTA3 subunit gene was determined by both primer extension and 5h-RACE studies using total RNA from MLNr MatB cells, in which the gene was highly expressed [22] . Primer extension analysis was performed with antisense primer Y1-10 ( Table 1 ). The elongated products were analysed on a 6 % sequencing gel (Figure 2A ). The end points of the primer extension were determined with the help of a sequencing ladder derived from prA3\4.2E1 as the template and Y1-10 as the primer. The end point of the primer extension, which is the start site for the transcription of the rGSTA3 subunit gene, was determined to be an adenine (j1), corresponding to 219 nucleotides upstream of the first intron-exon splicing junction (Figure 2A) . We obtained the same results when we used the total RNA from rat liver tissue.
The results from primer extension were confirmed by 5h-RACE studies using the gene-specific primer Y1-10 and the anchor primer A ( Figure 2B ). Thus the combination of results obtained from 5h-RACE and primer-extension analysis were in agreement with each other, and the transcription start site was identified to be located 219 bp upstream of the first exon-intron boundary, and is shown as j1 in Figure 2(A) . In this experiment, two gene-specific primers Y1-91 and Y1-10 were used as positive controls and the expected 125 bp fragment was obtained by PCR amplification of the generated cDNA 5h ends ( Figure 2B) .
Analysis of the 5h-flanking region of rGSTA3
A 4.2 kb EcoRI fragment of rGSTA3 genomic DNA, which spanned sequence k2797 to j1413, was subcloned into pBluescriptIIKS plasmid and sequenced (Figure 4) . Analysis of the sequence immediately upstream of the potential transcription start site revealed no canonical TATA or CAAT boxes, characteristic of genes that are widely expressed in different cell types [35] . The computer-based analysis of the 5h-flanking region of the rGSTA3 subunit gene identified several potential transcriptionfactor-binding sites. Such motifs included binding sites for the so-called anti-oxidant-responsive elements (ARE), Barbie box, Sp-1 (GC box) and a half-site element for the oestrogen response element. These sequences have been previously found in the promoter of rGSTA5, the other member of the same subfamily of the GST Alpha class [33] . In addition, the 5h-upstream region of rGSTA3 contains consensus sequences for activator protein-1 (AP-1), nuclear factor-κB (NF-κB), E box, cAMP-responseelement-binding protein (CREB) and ras-response element (RRE).
Recently, it has been demonstrated that in extracts of livers from male rats, the GSTA3 subunit is induced by a number of anti-oxidant and metabolizable xenobiotic agents, such as Table 2 Comparative analysis of the rGSTA3 subunit gene with other class-Alpha GST genes Data for other GST Alpha genes were obtained from previous studies [31] [32] [33] [34] . h, Human ; m, mouse ; NA, not applicable.
Exon length (bp)
Exon no.
Mammalian GST Alpha genes…  rGSTA3  rGSTA5  rGSTA2  mGSTA1  hGSTA1  hGSTA2  hGSTA3   1  219  315  43  42  36  36  Not known  2  109  51  109  109  117  117  117  3  52  134  52  52  52  52  52  4  133  142  133  133  133  133  133  5 142
Intron length (kb) coumarin, ethoxyquin, β-naphthoflavone, trans-stilbene oxide, indole-3-carbinol, oltipraz, phenobarbital, benzyl isothiocyanate, butylated hydroxyanisole and diethylmaleate [36] . The putative enhancer elements that are identified in the 5h-flanking region of the rGSTA3 subunit gene (Figure 4 ) may be involved in its inducibility by the above agents. The sequence analysis of the rGSTA3 promoter revealed the existence of three potential AREs ; RTGASNNNGCR [37, 38] , of which one was located in the 5h-UTR, 30 bp downstream of the transcription start site, and the other two in the distal portion of the 5h-flanking region at k1941 and k2220. Whether one or all of these AREs are involved in the regulation of the rGSTA3 by the anti-oxidants that induce this gene [36] is a subject of further analysis. The promoter of the human γ-glutamylcysteine synthetase (γ-GCS) heavy-subunit gene contains four AREs, of which only a distal ARE sequence was found to be involved in the constitutive and β-naphthoflavone-induced expression of this gene [38] . The second element was the Barbie box (at k606), reported to be present in the regulatory region of most GSTs with the core sequence of AAAG common in all of them. This element might be responsible for the induction of the GST genes by phenobarbital [33, 39] . Seven putative AP-1 consensus sites were found throughout the promoter region of the rGSTA3 subunit gene, at nucleotides j19, k450, k768, k931, k1924, k1998 and k2644 (Figure 4) . The Fos-Jun family of transcription factors and related proteins like Nrl (neural retina leucine zipper) and Maf (musculoaponeurotic fibrosarcoma) have been demonstrated to bind to the AP-1 sites of many promoters, resulting in their activation [40] [41] [42] . Another regulatory element in the promoter region was indicated by the presence of two sites for an NF-κB-like element at k714 and k1104. NF-κB activation, in contrast to AP-1 activation [43] , has been shown to be inhibited by anti-oxidants [44] . The possibility of interactions between the transcription factors that bind to both AP-1 and NF-κB sites has been previously demonstrated in the human GSTP1-1 gene [42] and will be explored in the rat GSTA3 subunit gene. The next potential element was an E-box motif, CACGTG (aryl hydrocarbon-receptor nuclear transporter ; Arnt), which is located at nucleotide k1327. It has been shown that this motif is recognized by a number of basic helix-loop-helix transcription factors, such as Max (dimerization partner of Myc onco-protein), USF (upstream stimulatory factor) and Arnt, leading to transcriptional activation of the target genes [45] [46] [47] . Two sites for CREB, which trans-activates cAMPresponsive genes [48] , were also seen in the promoter of the rGSTA3 subunit gene at k591 and k816. Another element found in the 5h-upstream region of this gene was RRE, which was situated at nucleotide k337 and may function as a silencer element influencing the basal expression of this gene. This element was previously hypothesized to function as a repressor in a Muclass GST, hGSTYBX [49] . The nucleotide-sequence analysis of the 5h-upstream region of rGSTA3 also showed the presence of eleven copies of the tetranucleotide GATA within the distal region of the promoter between nucleotides k2226 and k2769. The function of this motif with regard to transcriptional expression of the rGSTA3 subunit gene is unknown at present. The consensus sequence for hepatocyte nuclear factor-5 (TGTT-TGC), which is present in the promoter of the rGSTA5 and might be a reason for its tissue-specific expression in the rat liver, was interestingly not seen in the 5h-flanking region of the rGSTA3 we studied here [33] .
An interesting motif found within the first intron (between nucleotides j254 and j308) was a 56 bp CA pyrimidine-purine microsatellite repeat (Figure 4 ). This tandem repeat could contain polymorphism information that would provide an excellent genetic marker for the rGSTA3 subunit gene, to be used in linkage analysis of physiologically important traits, perhaps relating to detoxification of relevant contaminants. The transcription start site is shown and denoted j1. The putative cis-acting elements like anti-oxidant-responsive element (ARE), activator protein-1 (AP-1), Sp-1, nuclear factor-κB (NF-κB), Barbie box, oestrogen response element (ERE ; half-site), E box, cAMP-response-element-binding protein (CREB) and ras-response element (RRE) are indicated. The nucleotide sequence of the first exon (5h-UTR) and some nucleotide sequence of the first intron are presented. The GATA tetranucleotide repeats located in the distal portion of the promoter is underlined.
Functional activity of the rGSTA3 regulatory region
was inserted 5h of the CAT reporter gene (prA3\4.2-CAT). This construct, along with its two deletion mutants, prA3\2.5-CAT and prA3\2.7-CAT ( Figure 5A ), was transiently transfected into either WT or MLNr MatB cells, which are known to have significantly higher expression of the rGSTA3 mRNA [22] . The transfection efficiency was normalized by co-transfection of a β-galactosidase plasmid driven by the simian virus 40 promoter. The rGSTA3 construct (prA3\4.2-CAT) exhibited higher promoter activity in MLNr cells compared with WT cells (Figure 5B ). These results demonstrate that this region of the rGSTA3 subunit gene could act as a functional regulatory region that contains the necessary cis-acting elements for driving the expression of this gene in MatB cells. At the same time, these results clearly indicate that this region contains enhancer element(s) that appear to be important for its elevated expression in MLNr cells. The identification of cis-acting element(s) that are involved in overexpression of the rGSTA3 subunit gene in MLNr cells is currently under way.
The 5h-deletion mutant of the rGSTA3 subunit gene (construct prA3\2.5-CAT) revealed significantly higher promoter activity in MLNr cells compared with plasmid prA3\4.2-CAT ( Figure  5B ). This difference was not significant in WT cells. Thus these data indicate the existence of the regulatory element(s) within the distal region of the rGSTA3 promoter that affect the expression Deletion of the region between nucleotides k46 and j1413 (construct prA3\2.7-CAT), which removes the important region surrounding the transcription start site, resulted in virtually complete elimination of the basal CAT activity ( Figure 5B ). This is consistent with previous studies demonstrating that a promoter that lacks a TATA box requires an initiator element downstream of the transcription-initiation site for binding of general transcription factors such as TFIID (transcription-initiation factor IID) complex [50] .
Conclusions
In this study, we reported the molecular cloning and characterization of the entire rGSTA3 subunit gene, including its 5h-flanking sequences. We also presented evidence for its enhanced promoter activity in drug-resistant cancer cells. Several potential binding sites for transcription factors, such as ARE, AP-1, NF-κB, Barbie box, CREB, RRE and E box, were found in the 5h-flanking region of the rGSTA3 subunit gene. Their possible functions remain to be tested. The availability of the rGSTA3 genomic clones and the complete sequences of the gene's regulatory regions now make it feasible to initiate detailed investigation of the molecular mechanisms of anti-cancer drug resistance in the GSH-and GST-dependent pathway. We are presently analysing the involvement of cis-and trans-acting element(s) in transcriptional regulation of the rGSTA3 subunit gene in anti-cancer-drug-resistant tumour cells. This study also provides new insights into the structural and functional relationships among human and rat GST Alpha-class members.
